Introduction: The majority of emergency paediatric death in African countries occur within the first 24 h of admission. A coloured triage system is widely implemented in high-income countries and the emergency triage and assessment treatment (ETAT) is recommended by the World Health Organization, but not put into practice in Mozambique. We implemented a three-colour triage system in a rural district hospital with lay-staff workers conducting the first triage. Methods: A retrospective, before and after, mortality analysis was performed using routine patient files from the district hospital between 2014 and 2017. The triage system was implemented in August 2016. Inclusion criteria were children under 15 years of age that entered the emergency centre. Primary outcome was child mortality rate. Secondary outcomes included the percentage agreement between the clinical and non-clinical staff and the duration from triage to first treatment. We used a negative binomial model in STATA 15 to compare mortality rates, and Kappa statistics to estimate the agreement between clinical and non-clinical staff. Results: 4176 admissions were included. The mortality rate ratio (MMR) was 45% lower after the start of the intervention (2016; MRR = 0.55; 0.38, 0.81; p = 0.002), compared to before. To estimate the agreement between non-clinical and clinical staff, 548 (of the 671) patient files were included. The agreement was estimated at 88.7% (Kappa = 0.644; p < 0.001). The median waiting time decreased with urgency of the triage: 2 h33 for 'green'/least serious (IQR 1 h58-3 h30), 21 min for yellow/serious (IQR 0 h10-0 h58) and nine minutes for 'red . Conclusion: In a rural setting with nurse-led clinical care and non-clinician staff working at the triage reception, implementation of a three-coloured triage system was feasible. Triage and ETAT training was associated with a decrease of 45% of paediatric deaths. The impact on mortality, low cost, and ease of the implementation supports scaling this intervention in similar settings.
Introduction
Despite substantial global progress since 1990, UNICEF reported in 2015 that 5.9 million children under five years old die worldwide each year, representing a rate of 43 deaths per 1000 live births [1] . The majority of these children still die of preventable or treatable diseases such as lower respiratory tract infections, malaria, diarrhoeal disease, and nutritional deficiencies (after the perinatal period) [2, 3] . The mere improvement of the access to and quality of health care has been estimated to reduce this burden by 60% [4] [5] [6] .
Besides the long waiting times in the hospitals, caregivers do not always understand where to go if their child is severely unwell, and some caregivers are forced to negotiate in order to gain quicker access to health care [4] . Most deaths in hospitals in resource poor settings occur within 24 h of admission; therefore, it is important that severely ill infants and children are recognised in a timely manner and receive appropriate emergency care in the first hours of their admission [8] [9] [10] [11] . Recognition of severely unwell children by triage can be done in 15-20 s by medical staff or by non-medical staff, as soon as the child arrives and without the need for special equipment [10] . In recent years, various triage systems have been developed, specifically tailored to low resource settings [12] [13] [14] .
In Mozambique, a country with a human development index ranking of 180 [7] , child mortality was 79 deaths per 1000 live births in 2015 [1] . In rural Mozambique, it is not common to use a triage system to screen patients at the entry of a hospital; furthermore, the population is not empowered to express their concerns about their child to the health workers, even when a child is very unwell [15] .
Quality of health care relies on health care providers. In Mozambique, as in many other resource poor settings, there is a shortage of health staff [16] . The minimum internationally acceptable health worker density (e.g., doctors, nurses and midwifes to population) is 230/100,000 [17] . In the rural district of Chiure, situated in the northern province of Cabo Delgado, this density was 67/100,000 in 2015 [18] . With such a shortage of human resources it is, of course, a challenge to implement a triage system [16] . There is limited literature about the implementation of a coloured triage system in a low-resource setting using non-medical staff for the triage [13, 14] .
On the basis of an in-depth analysis of the district paediatric patient records in 2015 in the Chiure District Hospital, where this study is set, the child mortality was 53 per 1000 children admitted at the paediatric ward in 2015 (excluding the newborns) of which 75% died in the first 24 h [18] . This article describes the effect of implementing a simple coloured triage system conducted by lay-staff on intra-hospital mortality, combined with an intensive training for the health staff of the emergency centre (EC) in Emergency Triage and Assessment Treatment (ETAT) as recommended by the World Health Organization (WHO) [10, 14] .
Methods
Chiure District Hospital (CDH) is a governmental hospital situated in the rural district of Chiure in the northern province of Cabo Delgado, Mozambique. The district has four medical doctors for roughly 300,000 inhabitants. CDH is a referral hospital for the eleven primary health care centres in the district. This hospital refers special cases to the provincial hospital, which is a two-hour drive away. In 2015, the hospital had 125 inpatient beds divided across five wards, with 38 beds on the paediatric ward. There was a basic intensive care unit, one oxygen concentrator, five oxygen bottles, and a surgical theatre with a focus on obstetrics. In the outpatient clinic, they attended on average 110 children per day (from 7 AM to 3 PM) and at the EC, around 50 children are seen per day, mainly after 3 PM. The EC was staffed with one technical nurse and three basic nurses during the day and two basic nurses for the evening and night. The medical doctors in the hospital were on call for advice, but were not based in the EC. The EC consists of a consultation room, a treatment room and an observation room with six beds [19] . No formal triage system was in place and every patient that arrived at the EC waited in line before being attended.
Based on an in-depth assessment, following the discussion of the high mortality in the EC with local health authorities, the NGO SolidarMed agreed to assist in the following areas with specific interventions:
1. Medical equipment -in the first trimester of 2016
The emergency centre was equipped (by mid-2016) with an oxygen concentrator, a pulse oximeter, a glucometer and new resuscitations masks. A plan and checklist were established with the head of the emergency centre to check/maintain emergency material and medication more regularly, to ensure equipment and medication availability in emergency situations.
Training and knowledge -the first and second trimester of 2016
Bedside teaching by the medical doctors was conducted for the clinical staff of the EC from the beginning of 2016. A three-day emergency triage and treatment course (ETAT) for the health staff of the EC was given in the second trimester. The ETAT guidelines involve the triage of patients according to emergency and priority signs using an A-B-C-D concept (Airway, Breathing, Circulation/Coma/Convulsion, Dehydration), and rely on clinical discriminators rather than physiologic parameters to stratify sick children [10, 14] . Monthly refreshment trainings were provided to continually improve the clinical staff's paediatric emergency skills.
Reducing waiting time of severely sick children by implementing a
three-coloured triage system in the second trimester of 2016.
A reception was installed at the EC and manned with four nonclinical receptionists, who were trained to conduct the coloured triage system. Fig. 1 and Table 1 show the triage algorithm used and the emergency (red colour) and priority symptoms (yellow colour) according WHO ETAT structure [14] . The green colour was given to the children without emergency or priority symptoms. The receptionists were given a two-day triage training, followed by 30 days (June 2016) of on-the-job training, given by the medical doctors from the clinical wards. After this, the receptionists started working at the reception, where they were supervised for one month by a clinician of the research team. Information about the new triage system was provided to the community and the parents before and during the implementation through signs and verbal communication in front of the hospital/at the reception and through the local radio station. Colour arrows were marked on the walls and doors of the EC to improve patient flow (linked to the triage system).
The non-clinical receptionists were instructed to consult a clinician if they were in doubt about the appropriate triage colour. Furthermore, the clinicians were instructed to check the colour given by the receptionists, and to change the colour whenever needed and give feedback to the receptionist. During this process nothing changed in the admission policy. A child was admitted to the paediatric ward from the EC Fig. 1 . Triage algorithm. when he or she was stable and no further emergency treatment was needed.
The primary outcome was the change in child mortality rate in the EC. The mortality rate was calculated as the number of deaths per children admitted to the paediatric ward within a six-month period over the total number of children admitted within the same timeframe. The mortality rate ratio was expressed as the ratio between the mortality rates before and after the intervention. For the primary outcome, we selected children aged from 28 days to 14 years and 11 months that had been observed at the emergency observation room and that were then admitted at the paediatric ward or the children that died at the EC, from January 2014 until December 2016. Children that died on the paediatric ward after 24 h of admission were excluded, as we considered the death uninfluenced by the triage system or the acute care in the EC. Paediatric medical records and registration books were analysed, and all deaths were recorded following the routine process. We used a negative binomial model in STATA 15 to compare child mortality rates between the intervention year (2016) and the years before (2014 and 2015).
The first secondary outcome was the percentage agreement between the non-clinical receptionists and health professionals regarding the categorisation of the patients into "green", "yellow" or "red". The data for the secondary outcomes were recorded from the triage forms, medical files and the reception registration book. All patient files of children who attended the emergency room between 01-08-2016 and 31-01-2017 were included in the analysis. Children that presented during the night were excluded, as the triage system had not been implemented 24 h a day due to staffing constraints. Uncompleted patient files (i.e. no medication form or hours filled in about treatment/ admission), or patient files without study triage form were also excluded from further analysis. Kappa Statistics were used to estimate the level of agreement between the lay-staff and clinicians. The null hypothesis was that there is no agreement between the two and allocation of categories to patients occurred by chance.
Waiting time was assessed as an independent descriptive outcome assessing the clinical reaction time resulting from the triage of the patient according to their symptoms. Descriptive analysis using medians with interquartile ranges (IQR) were used to summarise the waiting times by their allocated colour category.
Uptake and performance of newly trained skills by the health staff were recorded with proxy-indicators such as the use of intra-osseous needle and successful resuscitation.
Ethical clearance was obtained from the national Mozambican bioethics committee (reference number 505) and permission for data gathering and collaboration was granted by the hospital.
Results
The number of children admitted to the paediatric ward was 1223, 1428 and 1525 in the years 2014, 2015 and 2016, respectively. The number of registered paediatric deaths in the same timeframe was 64, 76 and 44, respectively.
The paediatric mortality rate ratio was not significantly different between the years 2014 and 2015, but the mortality rate dropped in 2016 (Fig. 2) . According to the regression model, the mortality rate ratio was 45% lower in the intervention year (2016; MRR = 0.55; CI: 0.38, 0.81; p = 0.002), compared to the year 2014, while no significant difference was detected between the years 2015 and 2014 (MRR = 1.01; CI: 0.73, 1.42; p = 0.921) ( Table 2 ).
Further analysis between the different semesters of the last three years (Fig. 2 ) shows a decrease in child mortality between the second semester of 2015 (no interventions in place) and the second semester of 2016 (all interventions in place) of 56/1000 to 19/1000 (p < 0.001). The figure shows that the decrease in mortality started in 2016 after the initial ETAT training and it continued to decline after implementing the triage system. Further analysis of the mortality within the cohort doesn't show any significant differences between age distribution: median age in 2014 was 1.75 years, in 2015 2.0 years and in 2016 1.25 years. The majority of children were diagnosed with malaria: 67% in 2014, 64% in 2015 and 65% in 2016. The second most common diagnosis was pneumonia: 23% in 2014, 27% in 2015 and 30% in 2016. Around 20% (18%-23%) of the children died within the first two hours of admission to the EC, and comparing the years 2014-2016; there was no significant difference.
Over the six-month period after the implementation of the triage system, 11,959 children were attended at the EC, 10,919 children were triaged with a green colour (91%), 960 (8%) a yellow colour, and 80 (1%) a red colour. None of the children in the green category died, ten children triaged as yellow (1%) and ten children triaged as red died (12.5%) in the emergency observation room.
The mortality rate at the paediatric in-patient ward showed a decrease from 26/1000 admission in 2014 and 21/1000 in 2015 to 14/ 1000 admission in 2016.
To describe the waiting times and reliability of the categorisation of the children, we looked at children that were admitted from the observation room to the paediatric ward during the study period (705 children). Of these, 647 patient files were included in the analysis. In addition, the 24 patient files of the children that died at the emergency centre were considered, resulting in 671 patient files that were analysed for the secondary outcomes. The patient files of the children that died were archived in special boxes and therefore they were in better condition and all 24 patient files could be used for further analysis.
To estimate the agreement between non-clinical and clinical staff at the EC, 548 patient files were included in the analysis that had a triage colour allocated by both receptionist and clinician ( Table 3 ). The Kappa statistics calculated an agreement of 88.7% (Kappa = 0.644; p < 0.001). The null hypothesis that the clinicians and non-clinicians were making their ratings randomly, which would have coincided in 63.8% of the cases, was therefore rejected.
The median waiting time decreased with the urgency of the triage: 2 h33 for 'green' (IQR 1 h58-3 h30), 21 min for yellow (IQR 0 h10-0 h58) and nine minutes for 'red' (IQR 2-41 min). For the children that died, the median waiting time was 15 min (IQR 9-40 min).
Four children who subsequently died were triaged by the receptionist as yellow, however, the clinician considered one of the children to be emergency (red). Three of these children were treated within 15 min, however, one child had a delay of 40 min.
For the observations of skills conducted by the health staff, intraosseous needle for intra-venous access and cardio-pulmonary resuscitation (CPR) were selected as proxy-indicators of the use of newly learned skills after the ETAT. Intra-osseous needle was used in five children during the study phase; five children were resuscitated after cardiac or pulmonary arrest, with success. Two of them died in the following 72 h, however, the three remaining children survived and were discharged from the hospital. According to the patient files, no children were resuscitated after cardiac or pulmonary arrest with success prior to the intervention phase.
Discussion
This observational, before and after study found that child mortality decreased by 45% in the EC after the paediatric emergency care training of clinical staff and the implementation of a coloured triage system conducted by lay-staff, in a rural district hospital. Comparable results were also reported from Malawi and Sierra Leone, with mortality reduction from 47/1000 to 37/1000 and 124/1000 to 59/1000, respectively [20] [21] [22] . While these study interventions also combined training with provision of medical equipment and improved patient flow, our study appears to be the first to verify the responsiveness of the system to the new protocols by measuring the waiting times, and it explores the possibility of using lay-staff workers as receptionists instead of clinical staff.
As would be expected, the waiting times recorded in this study decreased with the urgency of the cases, indicating that the clinical staff was responsive to the new triage system. While the numerical value of the waiting time should be interpreted with caution due to reporting errors, the marked difference of the median waiting times between the colour-categories represents a strong indication that the implemented system triggered clinical responses.
Our study further indicates that the training of lay-staff as receptionists in EC triage is a valid alternative to clinical staff, given that the agreement between raters was very high at > 88%. Nevertheless, continuous training and supervision of such staff is needed to maintain knowledge and increase experience. A recent study in South Africa showed similar results; namely, that a first screening conducted by a lay-worker could reduce the waiting time for a critically-ill child by tenfold [23] . Furthermore, the EC must foster an atmosphere where second opinions (from clinicians) are available when needed and/or wished for. From a practical side, the receptionists were trained to rather "over-classify" than "under-classify", to avoid missing serious cases. The coloured triage system with non-clinicians as receptionists can increase the efficiency of clinical staff and reduce waiting times for severely sick patients which results in improved emergency care, especially where human resources are limited.
In this study, the ETAT training in combination with the distribution to health staff of the WHO pocket handbook appeared to have had an important positive effect on the skills and knowledge demonstrated by the health staff. The increased use of intra-osseous needles for intravenous access and increased frequency of successfully resuscitated children via CPR are indicative of such positive effects. In addition, continuous refreshment trainings were important to maintain knowledge and skills at the EC in such a setting, where staffing changes occur regularly. Other studies confirm this observation and showed that the ETAT training is an important tool to improve paediatric emergency care [25, 26] .
This study is an observational, before and after study, at a hospital in rural Northern Mozambique and comes with known limitations. We cannot fully exclude possible, yet unknown, confounding factors or biases that may have occurred at the same time as the intervention and which may have impacted child mortality at the EC of the hospital. The comparison of context indicators of the district over time, however, did not insinuate the existence of such bias. Furthermore, we compared the same months over the different years to account for known seasonal differences. There was no mortality shift from the EC to the in-patient ward because both mortality rates reduced over the same period.
The high agreement between non-clinical staff and clinicians may be overestimated due to the un-blinded approach of the evaluation. We therefore cannot exclude the possibility of the clinician being influenced by the non-clinicians' rating. The study was purposefully implemented in a real-life setting, where the implementation of the intervention was performed jointly with partners and blinding was not appropriate. Furthermore, the clinicians were highly critical of the nonclinicians' rating, which could also bias the evaluation towards reducing the agreement between the two raters.
The data used for this study were based on hospital registries. While all efforts were taken to check and improve the quality of the records, we cannot exclude reporting bias of child death at the EC, despite independent clinical observers from the study team confirming the positive effect of the intervention. The poorly organised patient filing system and the fragile patient registry led to a reduction in sample size which in turn could have biased the results of this study. However, due to the presence of the study team, regular checks of the patient files and the support given, the patient registry is thought to have improved compared to pre-intervention times, which would result in an underestimation of the real effect.
Overall, the results suggest that the introduction of a simplified Table 3 Overview of the given (by the receptionist and clinician) triage colour (n = 548). Yellow  Red  Total   Receptionist  Green  11  19  0  30  Yellow  1  414  31  446  Red  0  11  61  72  Total  12  444  92  548 triage system in a Northern Mozambican rural district hospital, which is managed by non-clinical and clinical staff after repeated ETAT trainings can reduce child mortality significantly and can reduce waiting times for critically-ill children. Furthermore, and importantly, the study highlights the feasibility of involving non-clinical staff in the process, which is especially valuable in areas deprived of human resources for health.
Clinician Green
The study adds to the scarce literature about the about paediatric emergency care and triage systems in resource-limited settings, and suggests that this simple and cheap intervention may have an important potential to reduce child mortality through improving efficacy and efficiency of emergency care in the hospital setting [24, 27] . More evidence is needed to estimate the impact of such an intervention on a larger scale. The research team left after two years. It would be interesting to evaluate the mortality rate after this period. After sharing the results of this study with local government, the intervention has been taken up by the provincial government and was implemented in other hospitals in the province from 2018 onwards.
Conclusion
In a rural setting with nurse led clinical care and non-clinician staff providing the initial triage, implementation of a three-coloured triage system was feasible. Triage and ETAT training was associated with a significant decrease of paediatric deaths in the emergency centre. Such an impact combined with the low cost and ease of implementation makes this intervention highly recommended for scale in similar settings.
